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Iko ■— rch by the tloctraaic ioduotiy for coo p o ooii ta 
that 01 * light wight, mm cooyoct, aM capable of opctat> 
iag io veiy high teoparatoM and all eovlteoMBtal eoodi- 
tiooa ia aov pcoviag Mmxtfiag. 

the pcopertiai of aoeh a flexible, tnaapaMOt, thin 
fila of alnaiooB oxide iMulated wire or atrip (with a 
aeltiag point of 20S0^CJ ia oniiftie for applications in the 
clcctroaic, aiaaile, atonic reactor, acroepace, and aircraft 
inAiatriee. The oodde fila ia highly flexible, anitahle for 
all windings of any sixe and shape of coil (aagnetic). 
■ricfly toached upon sm the wlttaviolet, protoa ganM ra- 
diation wsea. as well as high wacuaa and cr yo g enic applica- 
tions. 


Since the fila is inorganic and cheaically inert, it 
does not age or deteriorate in storage and has good 
dielectric properties (1000 volts per ail). In brief, 
coaponeots designed around this unique aaterial will keep 
abreast of pMsent day and futuM technology. 

Designers of electro-aagnetic conponentc can now 
achieve higher ratings per unit ot weight nsi a reduction in 
sixe. With proper design, lees insu'^atioa will be required 
and the dielectric losses sm reduced. 

The use of an aluaiaon conductor (round or rectangular 
wiM or strips) will save WIZ (n weight, which ia a distinct 
inproveneat iu connercisl applications such as linear 
notors, nedical instrunents, etc., wbeM lower nasc will 
result in lower inertia. Botary equipaent with low aasa 
aiaplifiea dynaaic balaacing. Aa vihratioo froa dynaaic 
ia balaa c e is red u ced, greater aensitivity and l ap rov e d high 
fre qu ency response in acaing coil applications results froa 
this lower aass. In all, it is a dreaa coae true for aost 
engineers. 


Coapsred to copper, alnainun with AljOj insulation 
operates cooler and will not oxidise. When operating teap- 
eratures of above 100** C., copper will fora an invisible 
fila of cuprous cxide; above 200** C. cuprous and cupric 
aide aM fonaed readily a the surface, tfaw reducing the 
conductance aa ultiastely sevsM cotraim occurs and tvtn- 
tually the conductor is rendered useless. Bvea cickcl 
coated capper is subject to s galvanic actim of the two 
aatols. la a high teapaMtoH opeMtum, aigrstia of stoas 
is eras ted. 


that SM focaed throu gh o ut the iaenUtia ea well as other 
endsageriag pcohlaas, such as lade of adbetim, oxidation, 
evaporatim, and aging. 

igiog ia accoapanied by weight las ia organic aeterinl 
wheM shrinkege ccsolta in the Msin portia raising it to 
lose its bond ia the slot cells, thus creating failure. 
Variatia of tcaperatuM or rotating speed causes aechaaical 
Ausa of the insulation. Thcraul degcneMtia is faster 
close to the cucrcnt-carrying coodoctors wbeiw the teapera- 
tuM ia at a aaxtaua; IheMfoM, the failuM ia induced at 
the hottest spot of the uinding. 

Aluairna conductor and AljOj insolatia, which is cer- 
aaic in natuM, is free of galvanic actia or aidatioo. In 
esse of a breakdown, the insulatim doa not create tracking 
of a peraanot coaductive path throughmt the insulatioe. 
In fact, oxide froa the air creates a new insulated oxide 
and cald repair itself. TheMfoM, it is a good reasa to 
consider the relation between operating teaperstuM and 
insulation life. A coaponeot nade with high teaperture 
insulated aaterial will be noM Mliable and will protect 
itself and its payload froa instant beat and ptessuM. 


For several decades sluainua ha been successfully em- 
ployed in the electrical engineering field and in various 
other epplicatioDS such as in tiansfomera, generators, 
etc., using bulky interleaving naterinls such as paper, 
plastics, or laquer as insulation — for froa satisfactory. 



Aluainua for electric canductors bu e tesistence of 
about 34.5 ofaas/aa^, which is equal to opproxiaatoly 622 of 
the conductivity of electrolytic copper. The specific 
weight is 2.7 ga/ca', or about 302 of that of copper. This 
aeaas that an aluainua conductor of equal conductivity 
wei^is only 502 of that of a coaparable copper conductor. 
In aaay caa, depending upon daign, the conductive weight 
can be further reduced depoding w the dielectric las, os 
aluainua operates c'^ler, snd diaipstes hat noM rapidly. 


Vierfacaanee of eloctrical coaponanta ia high tsapera- 
toH is serioMly haadicappad da to the ladk. of suitable 
insulating aatariala as tbs coaponanta ore subjsetsd to 
ssvuM piqrxieal st Ms s a ia snvircnasntsl conditions. When 
failuH occurs in organic insalatioa, tbs fsiluM rnaaiaa 
pornansnt owing to tha eloctrieally cooductivt carbm paths 


Copper clod aluainua wiM is rw-inforcad with EC grade 
sluainua conductor of on inproved daign dsMlopod to givo 
aUctric paer ntw vsraatility in coutxuction. In additia 
to tha catributia of its high strength to tbs conductor, 
it adds to the total conductivity of the conductor, m that 
it perfocaa a dual fuactia of atrragth and coodoet 'uea. Of 



cent i t, it is lithtmisht ia sll givan tingt* of wire. It 
is also coRosion tssistant. Mkins it sssily applicsblt to 
■agBst «ir«t cables, etc. Copper clad sliwinua is s coapo- 
site aaterisl; The interdiffusion of copper and aluainua 
atOM occurs so that the aaterials are inseparable. They 
arc joined in a netallurigical bond. liirthei.'Bocc, when the 
conposite rod is drawn to fine wire sises, its concentricity 
and the proportions of both netals reaain unchanged. The 
ssM concept can be applied for copper clad steel, which is 
a lead cable for the seniconductor industry, s non g others. 


OONOUCTOR CHMACrmSTICS 
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less— and an insulation so thin— alaiost spaceless— ^bst 
should withstand 1000° F. or higher tcnperatures, and aut- 
vive alnost a^r envirooBcntsl conditions. 

Additionally, there is an increasing denand that it be: 

a) Sufficiently flexible, to allow winding in any focn, 
including niniature coils and edgewinding of rectangular 
wire wound under great stress. 

b) Sufficiently thick, to insure good insulation and 
abrasion resistance, as well as thetnal shock resistance, 
etc. 

Pemaluster, Inc., has pioneered in this technical 
advancenent after years of research and has obtained such an 
inorganic, flexible insulated filn that is produced contin- 
uously on wire and strip aluainua. 

The oxide fila is foraed by an electo-chaaical aethod 
which is a conrersion process for thickening the naturally 
occuring filn several hundred tines or won- This aethod is 
known as "anodising." . Peraaluster's patented process is 
siailar to anodising except: 


(k^per clad aluainua lends itself to shaping, forming, 
and drawing. Wire is produced from dN)3" diaaeter and 
rectangular wire froa JOOl" and is very suitable for winding 
fine, small coils. Larger wire is suitable for lightweight 
cables. 

The adaptation of aluainua wire or foil and/or copper 
clad aluainua conductor is a step to attain iaproved opera- 
tion and reliability through better balance in coaponents 
with the following results: 

1) This SMterial can be operated at a greater speed than 
copper wire using less power in aovable coils. 

2} *Uaa" has been reduced so that a decible aeaaureaent of 
so levels in stationary coils baa been reduced. 

Load capacity of given ratings have been effectively 
increased. 

4) Core losses have been decreased and efficiency increased. 

5) Operating teaperatures are froa -450° F. to 1000° plus F. 



ramiUTaw. >c 


Comparison of theraal and electrical 
' conductivities of copper and aluainua at 
various teaperatures. 

raMinoi 


1) It is perforaed with high speed (justifying cost). 

2) It elisdnates mechanical contact to avoid racking 

spots. 

3) It is controlled to eliminate erasing when bent. 

Owing to the strict control aetboda employed in the 
processing, the oxide coating any be formed homog e ne o usly in 
varying thicknesses and pre -structures. The resistance of 
the formed aluaina fila is about 1800 ohas per ca^. 

The aeebanisa of the anodic filn foraation and the fine 
structure of the fila ace not fully understood, but infocnar 
tion is derived from the available evidence that under the 
influence of the elctrolyte and the mechanical solvent ac- 
tion, aluaiaia ions migrate from the netal surface through 
the barrier layer to the oxygen rich upper portion of the 
fila where the ions react with the aluainua oxide to fora an 
anhydrous aluaina. The oxide layer foraed differs in char- 
acter from the nore porous outer layer. The aluauna has an 
electrostatic charge anj 'an function to absorb other inor- 
ganic or organic nateiial. 


nommorAi/^ 

This step in the creation of aluainua ostide insulated 
filn is an advancement in the technology of processing for 
applications in electo-aagnetic coils, ihinnar insulation 
with high dielectric strength, lower dielectric losses, and 
note compact coaponents arc the results. The inorganic 
insulated filn with its sdvants{;eaus dielectric properties 
will withstand: 

1) Higher temperature (to the molting point of the 

conductor). 

2) Fbngus, corona and contsainsnts 

3) Thernsl or storage aging 

4) Oxidation 

5) Radiation 

6) Corona 

7) Tberasl shock 

8) High frequencies 


■ote tbs increasing deaand in the electronic industry 
for wire or strip to be lighter in weight— alnost weight- 
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9) Cry«|Mict (liquid immi) 

In addition, it will not out(ao in high vocumb. 


1) Bnakdown Voltage: 
The potoua filn of Aljl^ aa 
produced on BC^ grade and 
high p- rity naterial uith- 
ont inpregnation ia approv 
iaately 30 to 40 eolta per 
■icron (0.00004"). The 
naterial conposition af- 
fecta the breakdown voltage 
which iacreaaea with the 
increaaing purity of the 
■etal. The film ia hono- 
geneoua, unifomly thick 
without cracka, controlled 



Fig. 1 — TtnchiMM of fHin vs. bieek- 
down vettafi (rmt). The d ia la ct rie 
ftiaiwlh o( the oidda film is approi- 
imaWir 35 to 40 mils rms per mi- 
cron (O.OOOOa'O. 


to any thickness. The di- 
electric strei^th varies nearly in a linear fashion with the 
tbidmesa as pet Figure X 


2) Resistivity: The resistivity of the aluninun oaide 
varies with tenperature and humidity. When the file is 
unsealed, it nay vary 7 s 10^ to 3 x 10^^ ohna/ca. Onder 
ideal conditions in a dry atnosphere, resistivity of S x 
10^^ ohns/cn. was obtained at 20** C. after charging for 60- 
80 seconds. 
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3) Dielectric Constant; The dielectric constant (per- 
mittivity) of AI2O3 film lies between 8.3 and 9.3 when 
measured in dry air at one megahertx. Similarly, loss 
factor (tan delta) is 03X)04 under like conditions. 


1) Hardness: The film is ceramic in nature and will 
resist scratches and abrasion. The degree of hard- 
ness depends on the porosity and the depth of the oxide 
layer. Tests made on numerous samples of varying degrees of 
porosity by means of scratching the surface with a needle 
having a constant load of 130 grams showed that breakthrough 
wae achieved in the most porous sample after 16 strokes and 
the least porous sample after 48 strokes. 

2) Flexibility: The film is highly flexible, unlike 
other forms of ceramic insulation, and retains tbs inherent 
qualities as long as the metallic base material is not 
subjectad to undue strains. If the base material is over 
stretched or sharply bent, it exhibiu cracking, whan separ- 
ation of the film may occur. A hard temper metal will not 
allow small diameter bending. In bate efste, such wire will 
over stretch on tha upper part of the bend, and the surface 


will be distorted at the lower hand. Owing to the firm bond 
between tha aluminum substrate and the ianeemoat layer of 
aluminum oxide, the insulated conductor can be made flex- 
ible, provided also that the tenper of the conductor is such 
that it exhibits a good degree of ductility. Ductile wire 
and atrip were wound around a mandrel having diameter four 
times the thickness of the conductor without flawing or 
cradling of the insulation. 

3) Fatigue: Tests have indicated that there ia no 
fatigue loss due to the anodic film, even with a film thid:- 
ness more than fifteen microns. This is owing to the flex- 
ibility of the film; there is no stress concentration 
between the netal and the film. 

4) Strength: Tensile strength and eloogstioo are not 
altered by the anodic filn. With very thin materisl, al- 
lowance should be made for the thickness of the metal that 
is converted to oxide. There is no reduction in fatigue 
strength even at relatively hi«h stresses. The alumina filn 
has significant strength when detached. from the metal. 

3) Corona: As inaulatioo is exposed to high voltage, 
the critical voltage is reached when visible or audible 
discharge occurs. This is the corona start voltage (CSV), 
and it is here that the ambient air becomes ionised and 
permits free flow of current. Host insulations exposed to 
this corona effect suffer erosion. It is also attacked by 
osone produced from the oxygen of the atmosphere. Such 
chemical erosion within the body of the insulation is con- 
ced:rated and results in a serious degradation of the quali- 
ty of the insulation and causes premature failure of the 
system. 

6) High Temperature: Beat is a very important factor 
in the use of a barrier type electrolyte, as it thickens the 
barrier layer for higher dielectric strength. Heating 
changes the electrical resistance and modifies the physical 
Constance of the film; therefore, the pre-anodixed aluminum 
bested up to lOOO*’ F. leads to an increase in resistance and 
aa apparent thickening of the barrier layer. It also in- 
fluences the flexibility of the filn. It will not blister 
or peel, although the thermal expansion of the filn and the 
conductor is’ different. 

Since the aluninun oxide melts at 3722° F. (2030° C.), 
the temperature ma ximu m at which Femaluster insulated con- 
ductor may be safely employed is dictated by the melting 
point of the metallic conductor, which for aluminum is 1218° 
F. (639° C.). The insulation properties of the oxide film 
improves as the temperature increases aa the moisture factor 
is eliminated. It bolds its dielectric properties whether it 
is opevbted at 30° C., 300° C., or -400° F. (cryogenic), 
thus making it suitable for Classes B and C insulation as 
well as exceeding Hil-Spec. for high tenperature applica- 
tion. 


It is insensitive to thermal shock. The insulated 
conductor can safely carry short term overload currents 
while ia a high ambient tempiirature and con be subjected to 
sudden changes of temperature having a wide differential 
without deterioratioii. 

Thermal conductivity of tbs is relatively close 
to the aluminum conductor os the film is minuta. It bos the 
ability to radiate beat rapidly in high temperature. A 
small coil with less weight and with high thermal conduct- 
ivity will facilitate ths tranamission of beat. To achieve 
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• ftfow M af, tlw touod wir« ha* btaa raplacai with 
flat win oc aluainia foil wbara all void* in tha wiadiat* 
an fillad. 



nraumisE u 

Aiaiealad tC aluaiou^ wire, Pernaluster 
aaodically pcaceaaod of aluainn oaide 
Fill* thicknes* 8 aicrao* ( .0003") 

7) ladiatioo: Inorganic AljOj film ha* in initial 'on- 
dnetivity at aero <k*e rate of 10 ~^^ (ohn*/cn)~^, the con- 
ductivity increase* at the sane nagnitude the do** rate 
increases: thus the do*e rate of 10 ^ roentgena/eec., the 

conductivity will have increased to 10~^ (o^al*/m)~^. When 
■aterial* ate *uhject*d to a short duration extreae intensi- 
ty gana pulse as encountere in nuclear explosions (where 
the intensity nay reach to nore than 10 ^ roentgens/k«c. in ^ 
fraction of a nicrosecood) the reaiatance of nost organic 
insulations dininiabes in value, while the iMorgk.jc* in- 
cluding AI 2 O 3 will recover rapidly after 10 to 100 nicro- 
secood*. 


AI 2 O 3 is successfully 
applied in a radiation 
environnent. A typical 
reaction environnent of 8 
X 10^^ HV/ca^/sec. for 
neutrons and 6 x 10 ^^ 1 
nev/ca /sec. for gaaaa 
radiation, where the 
equivalent absorbed dose 
for each is approxiaately 
equal to 1 x 10 ^ rads, 
has shown no deleterioui 
effects. 
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fig. 2 — Alumina (Al^ conductivity 
at various temparsturas ir. amma 
radiat'-on. 


In a report hy Idaho Nuclear Xadiation and 'rgonne 
National L^rstorie* was described the design of an Annular 
Linasr Induction Amp for the Hark 11 Loop, placing the aost 
stringent requireaants on the aodiua puap. Tne four-pole 
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Fig. 3. Annular Linear Induction Pump for Mark II 
Inicgial Sodium TREAT t k p 


version of tha gwap used 24 coils, and the five-pole version 
used 30 field coil*. The field coil* were designed to 
consist of flat ribbon wound pancake type coil* of fully 
anodised EC alu ain ua. The AI 2 OJ insulated conductor was 
wound without interleaving and was successful!;* operated as 
the priaary of a 60 herts, one phase, 230 volts AC stepdown 
traasfonMt at 423^ C. for over SOO hours without aalftinc- 
tion or failure <ANL-736> A r g osn a National Laboratory), lU 
DEVELOPMENT OF FVHPS FOE USE IN FAST-EEACT0B-8AFETT 1M- 
TBGMLrLOOP EEPBUMERIS by U E. Bohinson and E. a Carlson. 

8 ) Low Teaperature: Aluainua with oxide film excel* in 
super cold environaents; it is insensitive to abrupt 
change* at low teaperaturea , reaain* tough, ductile and 
strong. The high therr-al conductivity of aluainua (the 
ibility to transfer hast rapidly) aakes it especially ef- 
fective in high energy absorption. 



Teaperature in degrees Eelvin 
Under pressure in liquid hydrogen 

At aub-sero teaperaturea the tear resistance is a* high 
or higher than that at rooa ten.ierature. Aluainua has been 
used to stabilise scper-coodacting aagnet* and reacts only 
slightly in increases in aagnetic field in resistivity or 
about 5KG. In a typical rooa teaperature, under sero 
stress, lero field resistivity of high purity aluainua is at 
2.S3 * 10~^ '-ha/ca. Pure aluainua, oxidized with low strain 
was found to have low resistivity even in a high aagnetic 
field. In cryogenic applications at -ASO” F. in a aagnetic 
field, such aaterial operated easily at 120,000 gauss. The 
less straineo aluainua retained its properties in high nag- 
netic field. It* aagno-resistance exhibited a predoainately 
saturating behavior. 

9) Frequency: Specific resistance of anhydrous and 
paicially hydrated aluaina is very high. The anodic file is 
approxiaately 5HQ/ca^ per 1.3 x I0~^ ca fila. There is no 
significant change over a wide frequency range. At frequen- 
cies above lEHs/S E, it is nearly conatant. At 25<)/cn^ 
changes will appear with varied fila thicknesses. At fre- 
quencies below 10 KHs/S, capacitance is nearly constant at 
0-99u F/cn^. Figure shows soae indication of fair represen- 
tation of the iapedance coaponent of PersMluster tested bese 
AI 2 O} insulated aaterial at rooa teaperature. 

Different values and properties can be obtained if the 
pores are sealed or iapregnated. 

The iapedance obtained in high frequency give* a note 
unifora response, as the aas* of a aoving systea liaits high 
frequency response of acoustic transducer*. 

By reducing the weight of tbs ass* by wore than SOX, 
frequency can be increased. The note dense the aaterial, 
the faster the sound waves travel. For a given frequency, 
aa *4 of the aagnetic coil exhibit* a najor portion for the 
length of the wav* to cycle. Lightweight aluainua rectangu- 
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Ur Witt, td|t wowki. with thin ^1203 iwuUtian. iaprwvcd 
tht dttiin ohjtctivt in ohuinint thn MniMiw powtr outpot 
ptr pound of wti|ht and ccndtnttd unit for nori^ trootducar 
coil and wavttuidot. 



Frtquoncy dapendancc of 
balancint aeriat (a) 
raaiatance vh) capa- 
citance for annealed 
aluainun oaide - Filn 
thickneaa U x 10~^ cn. 


Steady atate low ficquency voltage would be diatributed 
acroaa a abeet winding in direct proportion to the turn 
iapedance giving an eaaentially linear diatribution of auch 
voltage acroaa the tuma. 


haan auccoeafully auhjoctad to vibration teata both at non 
tenparaturaa and alevatad taaparaturaa. Ondar 24 G vitear 
tion, applied at varioua fra^utnciaa batwaan SO cpe and SOOO 
cpe f«( one hour along each aaia, no change in raaiativity 
and only a alight change in inductance waa recorded. Onriag 
the teat the currant flowing through the coil incroaaea to 
raiea the tewperatura to ita Uniting value and then redueaa 
again. 


11) High Vacuua: Aluninun oaida inaulation nay be need 
effectively in high vacuuK. The filn ahowed no effecta 
under pretaure below 10~^^ Torr at SOO^ C. Other teata 
indicated that when AljOj waa inpragnated with carbon-free 
ailicona, there waa no evidence of any hydrocarbon reaidue 
when operated above 400” C. in extrenely low preaaure. 

12} Deaign Conaideration: Aluainun alao haa a high 
heat capacity with high capacitance for even voltage diatri- 
bution. Aluainun atrip or rectangular wire winding pemita 
higher current denaity, due to each turn having lateral 
radiating edgea eapoaed to the cooling nediun, thua provid- 
ing effective beat dlaaipation. Thia pemita cooaidcrable 
.deaign latitude in either reducing the croaa aection of the 
aluainun uaed or ..acreaeing the current rating for equiva- 
lent heat riae. Layet-to-layer tenperaturea are nearly 
unifom; hot apota inherent in conventional windinga are 
virtually elininated. The uae of a thin high tenperature 
dielectric filn on flat natcrial will require 1) leaa volt- 
age, 2) ainiul anount of inaulation, 3) nininal ariount of 
thernal inaulation. It rendera greater volune in equal 
apace and afforda gx. iter nechanical atrength. 


The capacitance and inductance between adjacent or 
phyaically cloae tuma and the capacitance to ground are 
unifom tbroughout a continuoua theet coil. Coila wound 
fron AI2OJ thin inaulated atrip have no interlayer capaci- 
taiKe, tat only intertum capacitance; total capacitance of 
the coil ia thua reduced. 



Waveguide wound, for trananiaaion of 
aignala, uaing coil nade of anodiaed 
aluninun rectangular wire, edge wound. 

Such coila are faat noving, lightweight, 
auitable for actuatora, voice coila, 
aervo ayatana, ahakera, etc. 

10) Vibration: An edge wound flat wire coil produced a 
flus denaity of ^8 hilogauaa in an air gap (uaing 3 Iba. of 
Alttico S - 7 nagnetie core) to provide a 6 lb. force for 
diaplacanent and acceleration aa ahown ia chart. The in- 
proved noving voice coil unit haa an efficiency of SOS in 
the frequency range fron 400 - 10,000 Ha. in a naxinun 
acouatic output of 20 watta with a high dagrae of reliabili- 
ty. Of courauj bitter fraquancy ia no problan. The filn ia 
extrenely tough and exbibita little deterioration under 
extenaivn nechanical vibration for extended perioda of tin*. 
Coila wound with thin filn inaulated al u ninun conductor have 


Canaideratioo ia given to life expectancy, reliability 
and nornal atreaaea in perfomance. It ia inportant to 
chooac a dielectric with thernal atability when the rate of 
beat generation at aone point will <"tceeJ the ability of the 
naterial to diaaipate it. Beat ia generated by conduction 
current flow, principally ionic or by byatereaia under al- 
ternating atreaa. The beat generation rate ia an increaaing 
fimction of tenperature in the electric field. An inaula- 
tioa with thernal atability abould not be the Uniting 
factor aa it ia the noat inportant part of the conponent. 

13) The Oxide File Structure: The 4120^ inaulated filn 
can be varied in proceaaing to neet different requirenenta. 
Peraaluater producea auch filn that ia flexible to allow 
winding in any forn, including niniature coila and edge 
winding of rectangular wire under great atreaa. A filn 
thickneaa aufficiently thick to inawm good inaulation and 
abraaion raaiatance can be produced. 

Owing to the poroaity of the oxide aurface, the filn 
exbibita hydroacopic propertiea, and ita raaiativity ebangea 
with relative bunidity aa well aa with tenperaturea ranging 
fron 10* Ohn/cn to 10^^ Chn/cn. If relative hunidity ia a 
factor, additional inorganica or organica can be inpragnated 
into the porea of the filau 



Structure of porea on 
anodic poroua fig. 
type filn. Fore va- 
riea with operating 
conditiona. 
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14) Imprtgiuted Films: Inortanie costing* h*vp th* 

n4vnfttggo of rtiistance to envirooMOtarcanditiooi, with oo 
digndktlao by oapoaure to radiation. AI 2 O 3 produced anod- 
ieally ia an intergral part of the conductor. The inner 
Uqper of the oxide filn ia relatively coapact and anhydroua, 
and on the aurface ia highly abaorbent and ready to ahaorh 
either diaaoWed aubatancca or noleculea in atate of col- 
loidal diaperaion. It ia axiomatic that abaorbing ia a 
function of the poroaity of the outer layer of the film. It 
ia probable the oxy-type aniona are a part of the porea that 
are capable of hydrogen bonding. 

The conductivity of the outer layer providea the neana 
of tranaporting aniona Iqrdroxyl iooa from aolventa or water 
toward the condenaed layer, and hydrogen iona are eeaily 
bonded or fused with other aubatances. The tranaistion 
frequency of protons in a hydrogen bond has been found to be 
00 of the order of infrared frequencies ( 10 ^^ to 10 ^^ per 
second). On this basis, the proton nobility in hydrogen 
bonded structures differs from the electron mobility rn 
metal itself by only 1 or 2 orders in magnitude. The pore 
diameter of the aurface of the film is in the order of lOJO 
millimeter microns, or Iheir density is between 100 to 800 
pores per square micron, sufficient to absorb other mater- 
ials. In some areas of applications, poroua surface could 
have value, since it is chemically active surface. It acts 
as a good agent for mechanical bondfro- other advantages 
include its retention of photo-litho emulsions, and it 
serves as a base fvc electroplating, printed circuitry and 
painting. 

Pores can be impregnated with various materials, i.e., 
organics to inhibit water absorption, organo-ceramics for 
use in high temperatures. The Georgia Institute of Techno- 
logy (UAEC Tech. Report 58-13) sealed the film with Colloid- 
al Silica in an electrophoresis deposition, also with a true 
liquid of ceramics that wet the inside pores by gelling a 
hydrolixed solution of ethyl silicate so the particles of 
silica were trapped in the pores of the coating. 

Actually, the barrier layer of the oxide is sufficient- 
ly protective for organo-ceramic fi'ling of the pores. There 
is no danger that a carbon conductive path will pass the 
barrier layer in high temperature operation. In fact, even 
the organic material will operate at twice the temperature 
without effect. 

15) Impregnatioi. With Inorganic Material: The anodic 

porous base coating with a barrier layer is a refractory, 
flexible film and can absorb or seal other organic and inor- 
ganic film with or without an organic vehicle. Another 
anodic or eleCtophoretic process can be applied for forming 
another composite film that is absorbed into the pores of 
the anodic base insulated layer. Barrier type electrolytes 
can be used. Tests performed showed that higher dielectric 
strength and flexibility were obtained after vacuum anneal- 
ing at 450® to 500® C. 

Oxide pores can be 'Sealed" with Tetraethyl orthosili- 
cate, which ia a refractory binder, a gelling agent for 
impregnation of porouu material and is highly beat resis- 
tant. A hydrolixed silicate gel heated to silica becomes a 
hard, vitreous type materiali a pure silica bonding agent 
which has the advantage of being insoluble in water. It is 
impervious to most acid and is excellent in high tempera- 
tures. Hydrclixation, using ethyl silicate solution, can be 
accomplished, as it penetratea completely into the porous 
* complete hardness after beating. 


A water solution of po'celain enamel or combinatiana of 
inorganic frits with or without main combination, can be 
applied to create a strong bond with tbe oxide baaa. A 
str-<ng intersolecular bond is responsible for the inettneaa 
of the base coating. 


16) Organic Impregnation; A silicon-oxy gen na.work 
interspersed with organic groups can be stabilised to a 
valuable film in conjunction with aluminum oxide. Tbe sol- 
vent of tbe silicon mixture will oxidise and vaporise with 
other organic componenta, while the inorganic silica matrix 
remains (crosalined organopolysiloxans) are almost unaurpaa- 
acd for heat maistance. Kith aluminum oxide, the structum 
can withstand over 1400® F. without deterioration. A number 
of modified aili-on mains have been used, such as silicon 
alkyds, or mouifications with acrylics, epoxies or phenolica 
with a silicon content of about 2SX. Such different varie- 
ties of resin combinations can be formulated either by 
blending or co-polymeritation to obtain heat resistance up 
to 1000® F. Such combinations are excellent in thermal 
shock resistance. Resin can be applied in pure Cwm or can 
be combined with other resinous material. A mixture of 
resins put together to develop suitable properties that are 
compatible with tbe base AI 2 OJ can be achieved. 
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Heat aging of poly-vamide-imide) adhesive 
on aluaunum and anodised aluminum. 


The choice of resin to be impmgnated into tbe pores 
depends upon the application. The choice of an organic 
binder is made where little or no carbon residue remain, 
though it will have no effect on the insulation, as the 
pores are protected by the refractory oxide film that has a 
melting point three times that of aluminum. 


High temperature polymers offer versatility for use in 
electronic insulsiion and show stability in performance when 
impregnated into the Al 2 <h *Vrisw coat‘d Greater depend- 
ability has been achiev^ at high operating temperatuma 
(about 850® F. ). 


Thermal aging of insulation in organic material is 
prooably responsible for moat failums found in the compo- 
nent. Thermal aging itself does not produce failums, but 
it renders insulation vulnerable to ocher factors, such as 
moistum, penetration, brittlenasa, loss of thermal expan- 
aion befom complete failum. Figure shows some experiments 
with organic film over AI 2 O 2 . 

Such organic overct&L 4 s produced in a cured or quasi- 
cured A coil can be form e d and wound in any ah^ 
when a quasi-cured state is required. When bested, tbe 
turns bond together to form a solid structure, employiaB 
this method, cocoa axe eliminaced: The coil be c om ea very 
strong and self-supporting. 
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Tbetaal aging of EC aluainum wire, anod- 
ically inaulated filaa. Dark bars indi- 
cate aluainua and oxide wire. 


Moat, inaulationa are baaed on a theraal theory. Should 
a weak area in tbe organic insulation be heated aore than 
other areas, and if the heat is not renoved as r«t>idly as it 
is generated, the weak spot grows hotter .ind the resistance 
will be lower. Aa the teaperature continues rise in 
operation, instability occurs; this will be followed by a 
breakdown in the weakest point if the insulation. This will 
not occur in AljOj Insulation. In fact, the aluainua oxide 
insulation iaprovea at teaperatures above 220° F. The 
choice of insulation is often a decided factor Chat will 
govern the perforaance and reliability of the components. 
In applications where peak load is energized during low 
demand period, overall loaaea are always less in high tea- 
perature design. Exaaples are transforaers, generators, 
solencids, alternators, aageets, etc., whether for eiiviroo- 
aencal or terrestrial operation. 

It will stake good sense to construct electronic com- 
ponents by using lightweight conductors to iapiove opera- 
tion: better balance and higher efficiency operation 
through the reduction of aass. It will suke good sense to 
use aluaiauB oxide Chin film insulation for better dissipa- 
tion of beat, higher current flow, and consequently higher 
teaperature operation in adverse environaunts. 
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